Purpose: To identify the need for optical intervention including spectacles and low vision devices (LVDs) in children attending the only school for the blind in Eritrea. Methods: A total of 92 children were examined using the World Health Organization Prevention of Blindness program form for the recording of children with blindness and vision impairment. Examination included distance and near visual acuity (VA), refraction, trial of LVDs and evaluation of anterior and posterior segments. All the children who showed at least one line improvement in distance or near VA with refractive correction and/or LVDs were provided with these devices. Results: Six children had distance VA of ≥6/18 (no vision impairment, NVI) at presentation and were excluded from analysis. For the remaining 86 children, male to female ratio was 1.2:1.0 with a mean age of 11.8 AE 2.8 years (range: 6-17 years). At presentation, 47 (54.7 per cent) children were blind (VA <3/60) and 24 (27.9 per cent) were severely visually impaired (VA <6/60-3/60), which reduced to 42 (48.9 per cent) and seven (8.1 per cent) children after refraction, respectively. A further 5.8 per cent (five children) achieved NVI with refractive correction. Using distance LVDs, 26 (30.2 per cent) and 16 (18.6 per cent) children had NVI and moderate vision impairment (VA <6/18-6/60), respectively. In terms of near vision, eight (9.3 per cent) children had near VA better than 1.00 M at presentation, which improved to 11 (12.8 per cent) with refractive correction and 19 (22.1 per cent) with near LVDs. A total of 29 spectacles and 42 LVDs were provided. Conclusion: A significant number of children at the school for the blind benefited from refractive correction and LVDs. With such optical intervention, many of these children could study at mainstream schools with print media. A system including comprehensive vision examinations before admission to the school, refractive services and low vision rehabilitation is required to ensure that children with adequate residual vision do not have to be limited to learning in Braille media.
Vision impairment in children is a global public health issue. More than two-thirds of 1.4 million blind children worldwide live in developing countries, including 320,000 blind children in Sub-Saharan Africa. 1, 2 In addition, low vision in children is estimated to be about twice as common as blindness, affecting almost three million children worldwide. 3 Although the actual number of blind and visually impaired children is much smaller than the number of adults who are blind, the number of 'blind years' resulting from blindness in children is almost equal to the number of blind years due to age-related cataract. 4 Furthermore, many of the causes of vision loss in children are either preventable or treatable, and are also related to child mortality. 4 Vision loss at a young age has profound psychological, educational and economic effects on the individual and the community. 2 It also negatively affects the child's development, education, future work opportunities and quality of life. Therefore, the control of blindness in children is considered a high priority within the World Health Organization's Vision 2020 initiative: the right to sight. 1, 5 It has been shown [6] [7] [8] that a significant proportion of children enrolled for Braille education in schools for the blind have functional vision and fall within the category of low vision, with a strong likelihood of benefiting from low vision rehabilitation services. Gnyawali et al. 8 found that even with refractive correction alone, many of these children show significant improvement in their residual vision. Studies 9, 10 have shown a high rate of successful low vision devices (LVDs) use among children compared with adults. As the available vision is decisive in the learning of a visionimpaired student, comprehensive eye examinations by eye-health professionals at the time of school enrolment has been recommended. 8 This requirement would allow children with adequate functional vision to attend mainstream schools and avert the need for them to study Braille. Studies from Nigeria 11 and Nepal 8 have shown that up to almost half of the children in blind schools could attend regular schools if the children had refractive correction and LVDs.
This study was therefore designed to identify the need for optical intervention in visually impaired children attending the only school for the blind in the country. The aim was to generate information that could assist authorities to design programs to address low vision needs of Eritrean children.
METHODS
A cross-sectional study design utilising a blind school survey was conducted to identify the causes of vision loss and optical needs in children attending the sole school for the blind in Eritrea. This paper reports the optical needs of the children attending Abraha Bahta School for the Blind. This school, located in the central region (zoba) of Ma'ekel (capital city Asmara), hosts nearly 100 students every year. Ethics approval for the study was obtained from the Health Research Proposal Review and Ethical Clearance Committee at the Ministry of Health, Eritrea and Biomedical Research Ethics Committee at the University of KwaZulu-Natal. Permission for the study was also obtained from the principal of the blind school. Informed consent was obtained for all the children from the caregiver or the school nurse.
An optometrist and an ophthalmologist conducted the examination with the assistance of fourth-year optometry students at the optometry clinic at Asmara College of Health Sciences. All the children were enrolled at the school during the study period (July to December 2016) and the examination was recorded on the World Health Organization Prevention of Blindness program (WHO/PBL) form for the record of blind and visually impaired children, 12 along with the standard record form at the clinic.
Visual acuities (VAs) for distance were measured for each child using the Low Vision Research Centre flip chart with tumbling E optotypes for each eye and thereafter for both eyes together. The chart was used at a four metre testing distance and the VA was recorded in logMAR. If the child was not able to read the top letter (1.3 logMAR) at four metres, testing distance was halved (two metres and then one metre) and then tested again. This logMAR acuity was converted to Snellen fraction for six metres for analysis purpose. If the child was not able to identify the top letter at one metre testing distance, VA was measured as counting fingers close to face (recorded as CFCF); hand movement (HM) and light perception (PL) or no light perception (NPL).
Near VA was measured and recorded in M-notation using a Low Vision Research Centre near vision chart for each eye and then both eyes together. For analysis purposes, vision loss at distance was categorised based on the International Classification of Disease (ICD 10): no vision impairment (NVI), VA ≥6/18; moderate vision impairment (MVI), VA <6/18 but ≥6/60; severe vision impairment (SVI), VA <6/60 but ≥3/60; blindness (BL), VA <3/60. 13 Refractive status in each child was determined using objective and subjective refraction. Retinoscopy was performed in cases where a retinoscopy reflex was appreciable by the examiner. Control of accommodation during refraction was obtained either by fogging method or cycloplegic agents. In cases where retinoscopy could not be performed, subjective methods were applied to ascertain any improvement with refractive correction. Subjective refraction was performed using the trial frame and loose lens method with the magnitude of difference between the lens choices presented based on the differences discernible by the patient (just noticeable difference). A handheld AE0.50 Jackson crossed cylinder was used for astigmatic check. Other ancillary methods such as 'hit and trial' and eccentric viewing techniques were also tried in attempts to obtain best vision with the trial lenses. Myopia was defined as spherical equivalent (SE) error of at least −0.50 D or less, hyperopia as +1.00 D or more and astigmatism as 0.75 D or more in the better eye (and the eye with least error in cases with equal visual acuity).
Anterior chamber examination was performed using a slitlamp and dilated fundus examinations were carried out with a direct and an indirect ophthalmoscope. Pupil dilation was obtained by using tropicamide ophthalmic solution one per cent (when only pupil dilation indicated) or cyclopentolate hydrochloride ophthalmic solution 0.5 per cent (when cycloplegia was warranted for refraction purpose). At the end of the examination, the cause of vision loss (anatomical site and aetiology) for each child was determined using the instructions provided with the WHO/PBL form. 12 After the completed examination, optical intervention in the form of spectacles or LVDs was provided to the children with improved near and or distance VA. Improvement of 0.1 logMAR distance VA was considered as significant improvement with spectacles. Children with reduced vision, even those with the spectacle corrections, were tried with LVDs for near and far distances. Available LVDs for far included telescopes of 2.5× to 8× magnification (monocular hand-held or clipon) and the near devices were spectacle magnifiers, stand magnifiers and hand-held magnifiers with varying strengths (with or without self-illumination). Those requiring medical and surgical interventions were referred to the national referral eye hospital.
Data were managed and analysed using SPSS Statistics version 19 software (SPSS Inc., Chicago, Illinois, USA); simple frequencies and relationships between variables were calculated. A p-value <0.05 was considered statistically significant at the 95 per cent confidence level.
RESULTS
All 92 children enrolled in the school during the study period were examined. Of these, six children had no vision impairment at presentation and were thus excluded from further analysis in this study. In the remaining 86 children, the male-to-female ratio was 1.2:1.0 with a mean age of 11.8 AE 2.8 years (range: 6-17 years) and 58.8 per cent in the 10-15 years age group. Further characteristics of the participants are presented in Table 1 . A positive family history of blindness (in parents and/or siblings) was noted in 48 (55.8 per cent), history of ocular surgery in 21 (24.4 per cent) and additional disability in 12 (14 per cent) children.
On presentation, 47 (54.7 per cent) children had distance VA worse than 3/60 (BL) while the remaining 15 (17.4 per cent) and 24 (27.9 per cent) had MVI and SVI, respectively. Nearly half (44 children, 48.8 per cent) of the children were unable to identify or read the print on the near vision chart. Of the 42 children who could read the print on the near vision chart, eight (9.3 per cent) had normal near vision (≥1.00 M) ( Table 2) .
The leading conditions and anatomical categories responsible for vision loss in the children are presented in Figure 1 . Corneal scars (15.1 per cent), cataract (12.8 per cent), micro-ophthalmos and anophthalmos (9.3 per cent), phthisis bulbi (9.3 per cent) and optic atrophy (9.3 per cent) were the leading causes of vision loss. Hereditary factors were responsible for vision loss in 12 (14.0 per cent) children. There were six children (7.0 per cent) with vision loss attributed to intrauterine factors (presumed toxoplasma chorio-retinal scars). Childhood factors were responsible for vision loss in 12.8 per cent, the majority of which were ocular sequelae of blast injuries (nine children, 10.5 per cent). The specific aetiological factor could not be classified or determined (unknown etiology) in 56 (65.1 per cent) children. In this category, 38 (44.2 per cent) children were identified with different abnormalities since birth. Unclassified aetiology also included cases of cataract of unknown aetiology (11 children, 12.8 per cent) and glaucoma (five children, 5.8 per cent). Table 3 shows the optical management provided to the children (many children received multiple devices). Spectacle correction for distance was provided to 29 (33.7 per cent) children while LVDs were needed for 42 (48.8 per cent) children. In addition, medical intervention was advised for five (5.8 per cent) children with glaucoma. Surgical management was recommended for 15 (17.4 per cent) children, seven of whom required cataract surgery and three glaucoma surgery.
Complete refraction could be performed in 62 (72.1 per cent) children; and 32 (51.6 per cent) of these children had refractive errors. Improvement in distance vision of 0.1 logMAR or more was observed in 29 (90.6 per cent) of 32 children. The mean SE error for these children was +1.19 AE 6.5 (range: +14.0 to −15.0) with hyperopia in 14 (48.3 per cent) and myopia in 11 (37.9 per cent) children. Astigmatism in the better eye was present in four (13.8 per cent) children (range: 0.75 D to 4.50 D). The mean SE error was −1.83 AE 4.70 D in females compared to +4.43 AE 6.70 D in males (p = 0.007). High hyperopia (SE error more than +6.0 D in better eye) was seen in seven (24.1 per cent) and high myopia (SE error more than −5.00 D in better eye) in three (10.3 per cent) children. Amblyopia due to uncorrected high refractive error was the primary cause of vision loss in three children (two hyperopia and one myopia) ( Figure 1 ). All of these 29 children with improved distance vision were prescribed and provided with spectacles. Spectacles for refractive error correction alone was the management prescribed in 16 (18.6 per cent) of the children and the remaining 13 children were prescribed spectacles and either LVDs or surgical/medical management.
The improvements in near and distance VAs with refractive correction and LVDs are shown in Table 2 . Distance and near vision at presentation and with refraction and low vision devices (n = 86)
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DISCUSSION
This study examined the need and effect of optical interventions, including spectacle correction and LVDs, in children enrolled in the only school for the blind in Eritrea.
Although there is only one school for the blind in the country, the authors remain cognizant of the fact that few visually impaired and blind children are enrolled in these schools with limited access to children from rural areas with multiple disabilities or younger age. 4 Hence, caution should be exercised when generalising the study results to the entire visually impaired paediatric population in the country. However, this study provides the earliest insight into the optical intervention required in these children and highlights the importance of refractive services and low-vision rehabilitation for visually impaired children in this country. It is believed that this study has created awareness and strong advocacy for the development of rehabilitation services among parents, teachers, clinicians and authorities in Eritrea.
This study had a larger number of younger students with nearly 90 per cent of the children below the age of 15 years. The mean age of our participants is similar to that reported in Botswana; 14 however, other reports [15] [16] [17] [18] [19] have shown a higher mean age for blind school children compared to our study. It has been observed that children in schools for the blind have comparatively higher age for the grades compared to sighted schools 20 because of factors such as late enrolment and repeated failures due to cognitive defects with or without other global development defects. 8 In addition, fewer girls than boys were enrolled in the school. Such gender difference in schools for the blind have been shown previously in societies where boys are preferred over girls. 15, 17, 20, 21 This finding is particularly notable in view of the fact that women in Eritrea have higher prevalence of blindness and vision impairment, 22 yet there are fewer girls enrolled in the blind school.
At presentation, six (6.5 per cent) children in this school had no vision impairment (VA better than 6/18) despite the admission criteria requesting a medical certificate of blindness or severe vision impairment. This finding is higher compared to other reports from Nepal (0.1 per cent), 8 Ethiopia (3.1 per cent), 15 India (0.3 per cent) 23 and West Africa (1.9 per cent), 24 and is comparable with schools for the blind in Malawi (10.5 per cent), 25 Chile (6.1 per cent), 24 Burundi (5.1 per cent) 26 and East Africa (6.1 per cent). 20 Similarly, nearly 10 per cent of children had near vision better than or equal to 1.0 M which could be considered sufficient for reading mainstream school print media. Half of these children had distance VA better than 6/12 in both eyes, and we are unable to provide exact reasons to explain why these children were admitted to this school and were learning Braille. The remaining half of these children had phthisis bulbi in the blind eye. The researchers suspect that the examining ophthalmic officer may have discounted the better eye when referring these children to the school for the blind. It has also been reported that some children with physical disfiguration feel more comfortable studying with other visually impaired peers and thus get enrolled in schools for the blind. 27 Similarly, financial support to the family, and food and lodging support to the children have been mentioned previously as some of the causes for normally sighted children to attend blind schools. 15, 20, 25 An improvement in the preadmission system designed to include comprehensive vision examinations is required 8, 28 to make sure that only SVI/BL children get enrolled in this school. This will provide those children with good vision to learn in appropriate print media in mainstream schools. It will also help the authorities to distribute limited resources to children needing them most. As for the impact of incorrect enrolment on the children, it can be agreed that they are disadvantaged socially, psychologically and academically. This is also likely to limit their future employment opportunities and economic status. However, the full potential of these children remains unknown due to the misdiagnosis and incorrect placement at the school. All of these children were recommended to be moved to a mainstream school.
More than half of the children on whom refractions were performed had refractive errors. Refractive errors up to 78 per cent have been reported 29 in visually impaired children presenting to low vision clinics and fewer (up to 59 per cent) in schools for the blind. 8, 20, 25, 30 However, direct Table 3 . Optical management provided
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Clinical and Experimental Optometry 101.4 July 2018 © 2017 Optometry Australia comparison of these studies is not valid because of the difference in definition of refractive errors and the varying sample characteristics. A significant gender difference in the types of refractive error was observed in our study, with more females than males having myopia. There are conflicting reports 31 on association between the female gender and myopia in children with some studies 32, 33 reporting higher myopia in girls while others indicate no association. 34, 35 While the gender difference is often attributed either to girls undertaking more near-work than boys or to gender differences in the age of onset of puberty, this was not explored further as it was considered beyond the scope of this study.
Correction of refractive errors improved the visual status in more than one-third of our participants. Studies 8, 20, 25, 30 have shown that up to 42 per cent of the children in blind schools can benefit from simple spectacles for distance vision. This highlights the importance of access to refractive services for children before their enrolment in the school for the blind. Of these children who improved with refractive correction, only four were using spectacles, indicating that only 13.8 per cent of children who could have improved vision are currently using spectacles, highlighting an unmet need of 86.2 per cent. This is much higher than the reports from Malawi (63 per cent), 25 Nepal (46.3 per cent) 8 and India (40.4 per cent). 30 The unmet need of spectacle correction in blind school children is reported as high as 100 per cent in Nigeria. 36 A comparably high unmet need of spectacle correction in the general population had been identified in Eritrea. 37 The factors identified as the barriers for the use of spectacles in adults in Eritrea include a lack of felt need, unawareness, cost of spectacles and examination, and unavailability of the optical services. 37 Similar potential barriers to the use of spectacles have been reported for children as well in Malawi. 25 The Eritrean blindness control program is currently working on addressing these barriers by developing vision centres across the country and by producing optometrists who can provide spectacle dispensing and low-vision rehabilitation services. In addition, for sustainable, affordable and effective services, close cooperation between ophthalmologists, optometrists, optical technicians, parents, teachers and school administration as well as government agencies is essential. 20 Forty-two optical LVDs were provided to the children, some receiving multiple devices. All the optical and non-optical devices were provided by the investigators at no cost to the students or the school. It should be noted that with the spectacle correction and LVDs, nearly one-third of the children achieved visual acuity of NVI category for distance and more than onefifth of the children achieved near vision >1.00 M. Although a significant number of children benefited from low-vision services, the need for these LVDs may have been underestimated in the study as there was a limited number of such devices available for trial. None of these children had previously used or were currently using any form of optical LVDs. The lack of lowvision services and poor awareness among parents, teachers and eye-care practitioners might have contributed to this observation.
The optical (refractive and LVDs) interventions potentially enabled 24 (28 per cent) students who were learning Braille, despite having vision good enough, to use print media for learning. This highlights an unmet need of assessment of visual potential at the time of school enrolment as well as an urgent need to scale-up refraction services. Similar studies in Nepal and Nigeria have shown that 48.2 per cent 8 and 22 per cent 11 of Braille readers, respectively, could attend regular school after refraction and low-vision services. Producing textbooks in print media instead of Braille can result in a substantial saving to the national education budget. Sensitisation of school administration and parents about the benefits of print reading over Braille reading is necessary to bring about a tangible change.
A LVD should be considered as an essential learning tool for students with low vision and there needs to be proper provision of low-vision training, facilities and educational materials for teachers and the children in these schools for the blind. 8, 20 As there is no formal low-vision service being provided currently in Eritrea, except for a makeshift low-vision clinic run as a part of the optometry training program at the College of Health Sciences, we recommend that the blindness control program begin with a basic low-vision clinic at the national referral eye hospital.
The limitations associated with the use of LVDs in children need to be considered and addressed. Although better compliance in the use of LVDs has been reported compared to the adult population, a significant number of children provided with optical devices do not use their device after a year. [8] [9] [10] The reported reasons for noncompliance include poor comprehension of the device use, damage or misplacement of the devices, feeling of discomfort while using the optical device, inadequate instructions given for use of the device, and inappropriate lighting and sitting arrangements. 8 Follow-up visits addressing the issues of noncompliance are necessary. 20 The ongoing investigation into the use and non-use of the LVDs provided will help understanding of the impact of the intervention and will identify the challenges faced by these children in using such devices. Additionally, periodic evaluation of ocular health and accompanying changes in refraction should be done to assess the changing needs of students as visual demands are likely to increase with increasing grades. 8, 20 Some of the children raised concerns about the level of vision with the LVDs and wished for better vision during the trial of the devices. In many of these cases, no further improvement in vision was expected, whereas in other cases, no LVDs of sufficient strengths and specifications were available. In cases of no improvement, the optical limitations of LVDs also need to be considered, especially for reading purposes. As form vision is essential for the children to benefit from the LVDs, 20 children with extremely poor vision are less likely to notice any significant difference with these aids. Thus, proper counselling and information on possible visual outcomes with the LVDs will address the overexpectations in low-vision patients. However, the ages of the participants and their abilities to comprehend the counselling provided may be significant challenges. This highlights the importance of involvement of parents, teachers and school nurses in the process of low vision rehabilitation of a child. 20 In conclusion, a significant number of children attending the only school for the blind in Eritrea needed optical intervention. These optical devices (spectacles and LVDs) potentially enabled nearly one-third of the children learning in Braille media to learn in print media. The presence of children with no vision impairment in this school strengthens the call for more comprehensive pre-admission vision examinations.
There needs to be a program to identify and address the issue of unmet needs of optical intervention in children attending such schools. This will enable children with useful residual vision to possibly be integrated into mainstream schools.
